Dysfunction and downregulation of dad (defending against death) has been linked to programmed cell death (PCD) in animals and plants. As DAD is an essential subunit of the oligosaccharyltransferase that is located in the ER membrane, the results have raised the possibility that downregulation of N-linked glycosylation could be involved in the regulation of PCD. Here we show that the 16 kDa subunit of phytepsin, a vacuolar proteinase, is normally processed and glycosylated at the onset of DNA fragmentation in germinating barley scutella. Two cDNA clones encoding dad (dad1, dad2), and one cDNA encoding another subunit of the same oligosaccharyltransferase complex (ost1) were isolated from barley. Northern analysis of germinating scutella show that the expression of only dad1 is declining before onset of DNA fragmentation. In contrast to this, the expression of both dad2 and ost1 increase before onset of DNA fragmentation. q
Mammalian DAD1 is a subunit of the oligosaccharyltransferase complex, a key enzyme of N-linked glycosylation that is located in the ER membrane (Kelleher and Gilmore, 1997; Makishima et al., 1997) . It is required for the function and the structural integrity of the complex (Fu et al., 1997; Sanjay et al., 1998) and was originally cloned as a protein whose defect at non-permissive temperature causes apoptotic cell death in a hamster mutant cell line (Nakashima et al., 1993) . In Caenorhabditis elegans, overexpression of dad1 defends against developmentally regulated PCD (Sugimoto et al., 1995) . Mutated dad1 can in mammalian cells be complemented with cDNA clones encoding DAD both from Arabidopsis and rice (Gallois et al., 1997; Tanaka et al., 1997) and downregulation of dad has been correlated with onset of DNA fragmentation during petal senescence in pea (Orza Âez and Granell, 1997a,b) . Taken together, these results have raised the possibility that downregulation of N-linked glycosylation of secretory proteins in the ER could be involved in the onset of PCD.
Expression of phytepsin and onset of DNA fragmentation in germinating barley scutella
If downregulation of N-linked glycosylation would be involved in the onset of PCD, then the synthesis of glycosylated secretory proteins would be affected. Phytepsin (EC 3.4.23.40 ) is a vacuolar barley aspartic proteinase (Runeberg-Roos et al., 1991 Sarkkinen et al., 1992; Kervinen et al., 1993; Guruprasad et al., 1994; To Èrma Èkangas et al., 1994; Kervinen et al., 1999) . It resembles mammalian cathepsin D in its primary structure, tertiary structure, substrate speci®city as well as intracellular localisation. Cathepsin D has been shown to mediate PCD in HeLa cells (Deiss et al., 1996) , and phytepsin is in analogy highly expressed during autolysis of developing tracheary elements and sieve cells (Runeberg-Roos and Saarma, 1998) . The N-linked glycosylation of phytepsin has been well characterised in root tips (Costa et al., 1997; Glathe et al., 1998) , but its glycosylation has not been studied during onset of PCD.
Phytepsin has previously been localised to protein bodies and vacuoles of barley scutella in the beginning of germination (To Èrma Èkangas et al., 1994; Marttila et al., 1995) . Here we show that DNA fragmenatation can be detected from day 11 onwards in germinating barley scutella ( Fig. 1) and that phytepsin can be detected by immunohistochemical staining in germinating barley scutella during onset of DNA fragmentation (Fig. 2) . Phytepsin is synthesised as a preproenzyme, harbouring both an ER-signal sequence and a prosequence. The proenzyme (53 kDa) is processed through a putative intermediate form (45 kDa) into an active enzyme consisting of two subunits (32 and 16 kDa) that are linked by disul®de bonds. The 32 and 16 kDa subunits are further processed to yield two smaller subunits (29 and 11 kDa) which are not held together by disul®de bonds (Runeberg-Roos et al., 1991; Sarkkinen et al., 1992) . These subunits have previously been detected in developing, resting and 2±5 days germinating seeds (To Èrma Èkangas et al., 1994) . The 53 kDa precursor and the 16 kDa subunit are N-glycosylated, the carbohydrate structure has been shown to be of the complex type (Costa et al., 1997) , and tunicamycin treatment does not inhibit the processing of prophytepsin into two subunits (Glathe et al., 1998 ). Here we show that the glycosylated 16 kDa subunit is de novo synthesised in germinating barley scutella before and after onset of DNA fragmentation (Fig. 3A , lane 1; Fig. 3B , lanes 1±4).
Expression of the oligosaccharyltransferase complex subunits, dad1, dad2 and ost1
To understand the previously reported downregulation of dad transcripts at onset of PCD we analysed the expression pattern of dad and ost1 in germinating barley scutella. Ost1 encodes ribophorin I, another subunit of the oligosaccharyltransferase complex (Fu et al., 1997; Sanjay et al., 1998) . Two barley cDNA clones encoding DAD (accession numbers AJ133276 and AJ133277) and one partial cDNA clone encoding ribophorin I (accession number AJ133278) were isolated. Barley DAD1 (665bp) and DAD2 (645bp) differ from each other by seven amino acid residues, the partial cDNA clone encoding ribophorin I is 989 bp long and covers the 3 H end of the gene. A genomic Southern blot veri®es that the barley dad1 and dad2 represents different genes (Fig. 4) . The expression pattern of dad1, dad2, ost1 and phytepsin were analysed by Northern blot analysis of germinating scutella (Fig. 5) , and compared to the DNA fragmentation data (Fig. 1) . Our results show that in barley scutella, the expression of mRNAs encoding DAD1 is declining whereas the expression of mRNAs encoding DAD2 and ribophorin I is upregulated before the onset of DNA fragmentation, concomitant with elevated expression of mRNA encoding phytepsin. However, although the relative amount of mRNA encoding phytepsin is raising, and although phytepsin is de novo synthesised in 12-and 14-day germin-ated scutella (Fig. 3) , the amount of phytepsin stays about the same after the ®fth day of germination (Fig.  2) . Therefore the raising expression of mRNA encoding DAD2 and ribophorin I can not directly be interpreted as Fig. 1 . Onset of DNA fragmentation in germinating barley scutella. Genomic DNA isolated after 1±14 days of germination (lanes 1±14). DNA fragmentation was detected from day 11 onwards. Ladder consisting of multiples of 100 bp, the smallest band being 100 bp (lane 15). -(E) and 11-(F) day germinated barley seeds were stained with antibodies to phytepsin. In A the overall anatomy of the whole embryo, with roots (r), shoot (s) and scutellum (sc) is shown, in (B±F) only the scutellum is shown. A parellel section of the 3-day germinated seed was labelled with control serum (B). Scale bar 1 mm.
an increased activity of the glycosylation complex, but rather as an explanation of how the glycosylation complex can stay active despite a declining expression of DAD1 encoding mRNA.
Experimental procedures

Isolation of DNA and RNA from germinating barley scutella
Barley (Hordeum vulgare, cv. Kustaa) scutella were excised from germinating seedlings (days 1±14). The homogenised samples were divided into two parts; one was used for the isolation of DNA (method modi®ed after Dellaporta et al., 1983) , the other for the isolation of RNA with Trizol (Gibco BRL, USA).
Transient expression of phytepsin in tobacco protoplasts
Two forms of phytepsin encoding cDNAs were cloned under a 35Spromoter and a PVX virus a /b enhancer into a pUC-based vector. One encoded wild-type phytepsin, the other a form of phytepsin, from which the N-glycosylation site was removed by mutating NKT into AKT. For transient expression studies tobacco protoplasts (Nicotiana tabacum cv. Samsun NN) were electroporated with the constructs.
Immunolabelling and Western blotting
Immunolabelling of phytepsin was done as previously described (Runeberg-Roos and Saarma, 1998) . The subunit structure of phytepsin was detected by Western blotting of protein extracts from protoplasts and germinating scutella as previously described (Runeberg-Roos et al., 1994) .
Metabolic labelling and immunoprecipitation
For labelling, 10 scutella from 1-, 9-, 12-or 14-day germinated seedlings were dipped (6 h) in Man-pp medium (Gamborg's B5 salts, Sigma, Germany, 500 mM mannitol, Protein extraction and immunoprecipitation were carried out as described by Glathe et al. (1998) .
Isolation of DAD and ribophorin I encoding cDNA clones
DAD encoding PCR fragments were used as probes for screening a barley cDNA library (Runeberg-Roos et al., 1991) . The same library was screened for cDNAs encoding ribophorin I, using a genomic clone (clone 885 from barley BAC F15) that harbour part of a putative ost1 gene, (Panstruga et al., 1998) as a probe.
Northern and Southern blot analysis
The 3 H ends of the cDNA clones encoding DAD1 (306 bp) and DAD2 (302 bp), the partial cDNA clone encoding ribophorin I (989 bp) and part of the cDNA clone encoding phytepsin (713 bp) were labelled and used for Northern and Southern blot hybridisation analysis under high-stringency conditions. Fig. 5 . Northern blot analysis of dad1, dad2, ribophorin I and phytepsin in germinated barley scutella. The same blot was ®rst probed for dad1 transcripts (mRNA size of 0.8 kb), then subsequently reprobed for ribophorin I, phytepsin and ®nally dad2 transcripts (mRNA sizes of 2.4 kb, 2.0 kb and 0.8 kb, respectively). Each lane contains 30 mg of total RNA isolated after 1±12 days of germination (lanes 1±12). The DNA fragmentation results shown in Fig. 1 correspond directly to the Northern blots shown here, as the samples were divided into two parts, one being used for isolation of DNA and the other for isolation of RNA. The Southern blot result shown in Fig. 4 corresponds directly to the Northern blot shown here, as the same high-stringency conditions and probes for dad were used. EtBr staining of the RNA gel before blotting is shown below the Northern blot hybridisation.
